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SCAVENGER COMPOUNDS 



FIELD OK IKK TNWNTTON 

The present invention, relates to molecules capable of acting as scavengers of free 
radicals, metals and reactive oxygen species, to a method for their preparation end to 
pharmaceutical compositions containing them. 



BACKGROUND OF THE INVENTION 

An intense interest in the relationship between oxidative stress and diseases has 
characterized the last two decades since the observation that oxidative modification 
81 of low-density lipoprotein (LDL) leads to foam cell formation and atherosclerosis, 

p Convincing evidence exists that, by opposing the reactive oxygen spfceies (ROS) 

M mediated processes (Le., lipid peroxidation find other direct hazardous effects) in the 

S body, anti-reactive oxygen-species (Anti JR OS) -anti oxidant compounds exert 

J» beneficial effects in atherosclerosis and other pathologies involving oxidative stress 

5 and free radical injury. 

The term "oxidative stress" is commonly used in reference to biological systems 
as a means to characterize the total burden of potentially harmful reactive oxygen 
species that arc present in tissue as a consequence of routine cellular oxidative 
^ . metabolism of both endogenous and exogenous compounds. The term itself is a 

misnomer because many of the chemical reactions that contribute to oxidative stress 
' are not oxidative in nature. For example, although it usually functions as a reducing 

agent, the production of superoxide anion in biological systems is often described as 
i a type of oxidative stress. To initiate lipid peroxidation, superoxide must first be 

converted to another radical species such as the hydroxyi radical via disniutation to 
! hydrogen peroxide, followed by reduction of hydrogen peroxide to hydroxyi radical 

via the Femon reaction M. Otheis may define oxidative stress as the production of 

i 

i free radical species in vivo, though, a number of species associated with oxidative 

j stiess either are not radicals or radical species that are not inherently deleterious. 
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Endothelial cells, smooth muscle cells, and monocytes aU produce superoxide 
anion and other ROS under physiological conditions. 

The recent discovery of the central role played by die endothelium-derived 
relaxing factor (EDRF), in control of blood flow and fluidity thr ugh the generation 
of biochemical species thot inhibit platelet activation and deposition, prevent 
thrombus formation, end limit inappropriate vasoconstriction, initiated a series of 
studies defining the cardinal impact of reactive o*ygen species on the activity of 
EDRF. 

EJ>KF, identified as NO or a closely related redox form of NO (ic, 
S-nitrosothioi), acts to dilate vascular smooth muscle and inhibit platelet adhesion by 
activating guanylyl cyclase (GC) and increasing intracellular cyclic^S'-guanosine 
monophosphate (cGMP) [2,3]. EDRF is constitutively produced and also released 
CP Iroui endothelial cells via receptor-mediated mechanisms after exposure to a nnmher 

Q of clinically relevant agonists [A].. In addition to EDRF, the vascular endothelium 

H produces a number of vasoactive substrates [5] which act in concert with EDRF to 

O 

mediate endothelial control of vascular tone and platelet and monocyte activity. 

The mechanisms by which superoxide and other ROS may contribute to 
abnormalities in EDRF action are diverse. Superoxide may react destructively with 
NO and limit the biological activity of EDRF [6]. Superoxide production may lead 
to formation of hydroxy 1 radicals which may be cytotoxic to endothelial cells [7] 
through direct peroxidation of lipids and proteins. Hydrogen peroxide is formed 
duriufi the dbmutarion of superoxide and may, in addition to peroxynitrite, also 
oxidize available free and proteinous thiol groups that may be important for EDRF 
action- Hydrogen peroxide is a principal mediator of neutrophil le-induced injury to 
endothelial cells and its effects on other physiological functions are complex, 
although oxidation of intracelliiJar thiols is a likely mechanism for these effects 
because pretreatment with dithioihreitol prevents HiOa-mediaicd cell dysfunction. 
Hydroxy! radicals have been implicated in tissue damage it suiting from rcpclfusion 
injury and inflarnmation, and may be piesent in athereosclcrotic lesions [8], Organic 
peroxyl radicals have been implicated in a wide variety of biochemical processes, 
and these species combine readily with NO leading to the formation of peroxynitrite. 



2 
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In addition to inacnvation of EDR>\ oxidative depletion of vital thiol groups 
may be the mechanism through which ROS exert cell toxicity and dysfuncti n. 

Ample evidence exists thai links biological thiols to EDRF action and 
metabolism. NO is a reactive molecule that readily combines with a number of 
biochemical species producing a variety of derivative oxides of nitrogen. These 
derivatives arc themselves reactive and can form adductt with readily available 
sulfliydryl species under physiological conditions producing stable, biologically 
active S-nitxosothicls that possess biochemical, vasorelaxant and platelei inhibitory 
properties both in vitro and in vivo [9, 10J. Because S-nitrosothiols possess 
properties reminiscent of EDRF, many have speculated that EDRF may be a 
nitrosothiol rather than authentic NO [3]. 

Thiol availability in mediating the effects of endogenous NO and of exogenous 
NO-donorS (i.e.. organic nitrates) is of critical importance [24]. It was demonstrated 
that the redox-scusitivc extra/irrtraccllulcr thiol content may have critical 
implicationb, not only for EDRF (NO) action and metabolism, but also regarding the 
mechanisms by which anti-ROS thiol-c ontaining compounds may prove useful in 
W preserving normal cellular function as well as preventing/reversing pathological 

conditions involving NO, thiols and ROS. 

The body ia endowed against the deleterious effects of ROS, with a number of 
antioxidant defense mechanisms, which may be divided into three major groups, The 
tirst group, enzymatic antioxidant represents the main form of intracellular 
W antioxidant defenses and mainly includes SOD, catalose, and glutathione peroxidase. 

The second group, uonenzyniatic protein antioxidants, is primarily found in plasma 
and is mainly represented by GSH, and some proteins such as transferrin, albumin, 
and cexuloplasrnin, which also has enzymatic (ierro^iriase) activity. Finally, die 
nonenzyxnatic low molecular weight antioxidant* are found in plasma, extntcellular 
and intracellular fluids, lipoproteins, and cell membranes. This group of 
antioxidants may be further subdivided into water-soluble (i,c, GSH, uric and 
ascorbic acids, and bilirubin) and lipid-solublc antioxidants which arc localized to 
cftll membranes and to lipoproteins and include -tocopherol, -carotene, and 
Ubiquinol 10. Other endogenous low molecular weight species present in plasma 
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and extracellular fluids also have antioxidant piopcrtics, including phenolic 
estrogens, thyroxin and catecholamines. 

A possible mechanism of anuoxidant-mediated preservation of cellular function 
is decreased oxidative modification fLDL. However, recent evidence suafceststhat 
boifa water- and lipid-solublc antioxidants may have important physiological effects 
(hat are not directly related to the protection of LDL-against oxidation in vivo. 
Although these alternative effects of antioxidants may not bear directly on EDRF 
action, they have the potential to influence processes thai arc known to impair 
rcdox-dependent enzymatic and non-enzymauc metabolic processes. One may also 
speculate that the antioxidant activity of agents like vitamin E and -carotene, may 
reflect the rre^radical-scavenging characteristica of these agents vis-a-vis 
superoxide anion or hydroxyl radicals, either directly or via modulation of enTyraes 
action. However, because Qiey lack the possibility to exist in an wjuiUbrium 
between the two possible forms [disulfide (oxidized) <-> thiols (reduced) when 
overdosed, viuuuia E, as well as most other currently available antioxidants may 
adversely affect the course of the disease for which they are indicated [12]. 

Thiols are more central to cellular antioxidant defense mechanisms man any 
other existing antioxidant present in the cell (Le. endothelium, brain, skin and other 
tissues). However, thin! antioxidants that are effective in vitro, may not be effective 
in vivo. For example, the thiol antioxidant GSH would seem an ideal candidate for 
treating ftndnthelial dysfunction and many other diseases involving oxidative stress. 
Unfortunately, GSH is not absorbed from the diet or through the skin, 
N-Acetylcystcine (NAC), which provides cysteine for GSH synthesis, and which is 
readily absorbed and transported is an alternative. However, side effects including 
nausea, vomiting, and diarrhea greatly limit its clinical effectiveness for enteral 
aununistranon, and its extreme instability limits its topical adminbu-ation [13]. 

Thus, very few successful pharmacological iutervcnuon strategies are currently 
available for the treatment Of endothelial dysfunction and other patholo^es 
involviDB oxidative Stress and Gee radical injury. Vitamin E, vitamin C, probucol 
and -carotene constitute most of antioxidants currently applied. Unfortunately, 
however, none uf these agents by itself (or when combined with others) can 
adequately address cellular (i.e., skin or endothelial) dysfunction and other oxidative 
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stms-nedifltcd pathol gies. Because of their mode' of action, tissue uptake and 
other relevant characteristics, all currendy available antioxidants can (if at all!) only 
indirectly affect EDRF metabolism and action, act only n certain ROS, and 
adversely affect the course of the disease if incorrectly dosed. 

T.ipoic acid, is frequently referred to as "a universal antioxidant- [14]. LA, as 
lipoamide, has luu* been known for its role in oxidative metabolism as an essential 
eolaexor hi mitochondrial keto acid dehydrogenase complexes, which was 
previously thought to be its only role, LA is readily taken up by a variety of cells and 
tissues and is rapidly reduced to their snlfhydryl (dithIol>form (the dihydrofonn), as 
both in vitro and in vivo IIS,16J. The reducing power for this comes from both 
NADH andNADPH 1)7]. 

Numerous studies have demonstrated thai both LA and DHLA axe antioxidants 
[18,20]. LA scavenges hydroxyl radicals, hypochlorous acid, peroxyl radicals, and 
singlet oxygen. It also chelates iron, copper, and other transition metals. In addition 
to those species (including transition metals) acted upon by T.A, DHLA scavenges 
superoxide radicals and peroxyl radicals. For example, LA has been shown to 
modulate cellular reducing equivalent and thus favorably affect complications of 
diabetes and ischemic injury [17]. LA was also shown to protect against 
ROS mediated brain damage following cerebral ischemia in various animal models 
pi ]. It protects agaiim arninoglycoside-induccd nephrotoxicity [22]. Both LA and 
= K DHLA were shown to protect against pcioxynitrite-depcndcnt tyrosine nitration and 

^ alpha f -anuproteinase inactivation [23], In the working heart model of 

Jj5 iwhernia-ieperfUsion, LA (especially the R-enontiomer) has been shown to enhance 

the aortic flow during reoxygenation [24]. In addition, because of its bioconversion 
to DHLA, adrnirristration of LA has been shown to also regenerate other 
endogainous antioxidants. Current evidence indicates that DHLA can reduce OSSG 
h> OSH, dehydroascorbate and sernidehydroascorbyl radical, and ubiquinone, all of 
which can contribute to vitamin E regeneration from its oxidized form, as well as to 
reduce thioredoxin [25 ] . 

Studies employing divetse types of thiols have been carried out both in vivo and 
in vitro. None of die studies involving thiols have ever evaluated the role of ihc 
dithiol a-lipoic acid (LA, thioctic acid, l,2-dithio!ane-3-valeric acid. 
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6,8-dithiooctanoic add) or analogs ihercuf in EDRF or NO-donors action hr well as 
in ther pathologies including scuesccncc-mcdiated wrinkle formation of skin in 
general, and of fecial skin in particular- 
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SUMMAK V OF THE INVENTION 

It is an ohject of the present invention to provide compounds having scavenging 
and arrti-KOS properties, which overcome the limitations of the currently available 
scavenger and antioxidant molecules. 



Where Rl may be the same as R2, R3 and K4 or different and are independently 
selected from hydrogen, alkoyl, aUcoxy, carboxy, amino, amido, phosphpo, thio, 
sulphonyl, sulphoxide and alkyl groups. Preferably, Rl and R3 are the same and more 
preferably they are alkyl groups. Preferably, the alkyl ^ruup is composed of one to ten 
carbons, with or without unsaturated bonds and more preferably the alkyl group ha* 
five straight or branched saturated or unsaturated carbons bearing or not hearing 
another group selected from alkoyl, alkoxy, carboxy, amino, amido, phosphpo. thio, 
sulphonyl and sulphoxide. 

Kl* is selected from hydrogen, alkoyl, clkoxy, carboxy, amino, amido, phosphpo, 
two, sulphonyl gulphoxidc and alkyl groups. Preferably, R2 is a carbon bridge 
between Rl and R3, carboxy, amino, or amido group. 

R4, is selected from hydrogen, alkoyl, alkoxy, carboxy, amino, amido, 
phogphpo, thio, sulphonyl, sulphfaxide, alkyl groups or a structure beaing the X or Y 
rings. Preferably, R4 is alkoxy, carboxy, amino, or amido group. 

n and n' may be the same or different and denote an integer of substituted or 
unsubstitxxted 4, 5. 6, 7 or 8 carbon atoms that may create the S-S-bon/l^ontairiing X 
and Y rings which can comprise (together with the S atoms) 4 to 10-membered rings. 



The compounds of the present invention are of the general formula 1: 




And of the general formula 2: 




POsHg 



OH 
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X and Y may be the same or different, preferably, four, five or six 
members d rings. 

The present invention also relates to die alcohol, amide, ester, ether, sulfide* 
phosphate and diamine form of (he same r different nucleus and to their sahs or any 
other (mow-how to make any direct derivative thereof 

AS used here, reference to alky! groups means a branched or nnnranchei 
cyclic or acyclic, saturated or unsaturated (e.g. alkenyl or alkynyl) hydrocarbyi radical. 
Where cyclic, the alkyl group is preferably C3 to C12 Where acyclic, the: alkyl *roup 
is preferably C 1 to C 16, more pretrably O tn C6. Reference to an alkoxy group 
means an olkyl-O- group. Reference to alknyl group4neans an alkyl-CO-group. 

The alkyl groups may he substituted or unsubsiilutcd. Where substituted, 
there will generally be 1 to 1 subsutuents present Subsliluents may include halogen 
atoms and ha lorn ethyl groups such as CF3 and CCI3, oxygen containing groups such as 
Q ' oxo, hydroxy, caiboxy, caiboxy alkyl, alkoxy, alkoyl, alkoyloxy, aryloxy, aryloyl and 

aryloyloxy; nitrogen containing groups such as amino, alkylamino. dialkyiamino, 
Q 1 cyano, azido and uiuo; sulphur containing groups such as thiol, alkylthiol, sulphonyl 

p f and sulphoxide; heterocyclic groups containing one or more, heteroatnm, such as 

N ! tawny I, furanyl, pyrrolyl, imidazolyl, pyrazolyl, thiazolyl* isothiazolyL oxazolyl. 

pyrrolidinyl, pyrrolinyL inlidazolidinyl, imidazolinyi, pynj^olidinyl, tetiahydrofuranyl, 
pyranyl, pyronyl, pyridyl, pyrazinyl, pyridarinyt, benzofuranyl, isobenzufuryl, indoryl, 
oxyindolyl, isoindolyl, indazoryl, indoHnyl, 7-azaindolyl, isoindazolyl, benzopyranyl, 
ooumarinyl, isocoumarinyl, qtdnolyl isoquinolyl, xiaphthridinyl, cinnolinyL, 
quinazolinyi, pyridopyridyl, benzoxazinyl, quinoxadinyl, chromcnyl, chromanyl, 
isochromanyj and carbolinyl; alkyl groups, which may themselves be substituted; and 
aryj groins, which may themselves be substituted, such as phenyl and substituted 
phenyl. Alkyl includes substituted and unsubsntuted benzyl, 
j The present invention further extends to methods of synthesizing the 

compounds of the present invention. The compounds of the present invention may be 
synthesized according to generalized reaction scheme.* (as illustrated in Fig. 1). 

According to a further aspect of the present invention ihcre arc provided 
compounds for use in the treatment of any condition associated with oxidative stress or 
free radical injury. According to a further aspect of the present invention there is 
provided a compound according to the present invention for use in the manufacture of a 
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medicament for treating a condition associaicd with aging, endothelial dysfunction, and 
pathologies involving oxidative stress and free radical injury, preferably skin changes, 
diabetes znellttus and cardiovascular disease. 

According to a fuithcr aspect of the present invention there is provided a 
method of treating a disease associated with aging, oxidative stress or endothelial 
dysfunction (such as skin changes, Alzheimer's and Parkinson's diseases and 
cardiovasculai disorders) comprising administering to a patient an effective dose of a 
coin(X>und of the present invention.. 

According to a further aspect of the present invention there is provided a 
pharmaceutical composition comprising a compound of the present invention in 
combination with a pharmaceutically acceptable cACipicnt, 
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BR1KK liESCRIPTION OF THE FIGURES 

The present Lwcntion will be understood and appreciated more fully from the 
following detailed description token in conjunction with the appended figures in which: 
Fig. 1 illustrates the synthetic schema according to an embodiment of the 

invention; 

Fig. 2 illustrates compounds containing two five atom rings according to an 
embodiment of the invention; 

Fig. 3 illustrates compounds containing a five atom ring and a six atom ring 
according to an embodiment of the invention; 

Fiu. 4 illustrates compounds containing two six atom rings according to an 
embodiment of the invention; and 

Fig. 5 illustrates compounds composed of the alcohol, arhidc and ester, ether, 
I sulfide, phosphate and diamine from the same or different nucleous, according to on 

i 

embodiment of the invention. 
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i»ri AILED DESCRIPTION OF THE INVENTION 

The compounds of the present invention are scavenger compounds 'which arc 
LA analogs designed according to the rational which will now be discussed in detail. 

Nitrate tolerance may be regarded as a "special form of thiol depletion" and the 
ability of the compounds of the invention to increase cellular GSH and the 
availability of other rfirfucing equivalents, may prove useful in preventing nitrate 
tolerance, as evident from our results with lipoyl lipoate which, when 
co-adroinistered With conventional nitrates, currently in clinical use, prevents/retards 
tolerance development 

The remarkable ability of the interconversion of disulfide <-> dihydro to affect 
cellular reducing homeostasis via modulation of NADH/NADi and 
NADM/NADP+ ratios and other routes demonstrates how intimately the 
compounds of the invention can he connected to cell metabolism and redox states. 

In contrast to GSH,. the compounds of the invention are readily absorbed from 
the diet and through the skin 3 transported, token up by cells and reduced to the 
dibydro form in various tissues, including the endothelial lining and the smooth 
muscle cell components of blood vessels (see results). The suffhydryl (dithiol) thus 
formed is also exported Bom cells and can provide antioxidant protection to 
extracellular compartment and nearby cells. Thus, like LA, tile proposed compounds 
seem especially promising as an antioxidant for the treatment of pathologies 
involving oxidative stress and free radical injury. 

Because of these characteristics and the very low toxicity expected from these 
LA analogs, they may, like LA itself, be successfully used as therapeutic agents in 
human clinical trials for the treatment of conditions siir.h as diabetes, 
\ schemia-reperfusiaii injury, heavy metal poisoning, radiation damage, 
neurodegenerative disorders, mitochondrial cytopathies and HTV infection [18,20]. 

Ample evidence exists to support the excessive vascular ROS production in 
atherosclerosis, hypercholesterolemia, hypertension and diabetes mellitus, Each one 
of these diseases is now regarded as a part of a syndrome rather than a distinct 
disease and, in concert, they constitute the "deadly quartet", referred to as Heaven's 
Syndrome' or SyndromcX. Recently, it has been shown that geniarnicin-induccd 
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nephropathy also involves superovide and other ROS. Convincing evidence also 
exists to support the primary involvement of ROS in the abnormal action of NO that 
characterizes the endothelial dysfunction accompanying these diseases. Because of 
their metal (radical) scavenging and auti-ROS properties, the compounds of the 
invention may exert beneficial effects on the natural course and outcome of these 
diseases as well as of other pathologies. Considering their promising chemical and 
pharmacological characteristics, as is so far evident from our results, and the ever 
increasing demand for better therapy for these diseases, significant potential exists 
for these compounds to become prototype anti-ovi dative stress-mediated cellular 
dysfunction agents. This is especially true eonsidering recent evidence indicating the 
involvement of NO, ROS and thiols in a variety of conditions, the pathogenesis of 
which as well as the treatment for, have not been fully resolved. These include (but 
not limited to): aging and aging-mediated changes (inclu din g those involving 
appearance and skin), pulmonary and ocular hypertension, asthma and other related 
respiratory diseases, trauma, neurotoxicity, neurological and neurodegenerative 
disorders [i e * stroke, Huntington, Alzheimer and Parkinson's diseases, multiple 
sclerosis and convulsive (seizure) disorders], AIDS -related disorders (i.e.. dementia), 
disorders of gastric acid find other secretary and perisTAltic functions of the 
alimentary system, inflammatory bowel diseases (Crohn's disease and ulcerative 
colitis), drug and disease-induced neuropathy and nephropathy, pathological and 
premature uterine contractions, chemntactic, phagocytic and other cellular defense 
impairment in immunological disorders, aggregation disoiders, pregnancy-induced 
hypertension, cerebrovascular diseases, penile erection and treatment of male 
impotence [4-7,1 7-7.01- In all of these patliologics, evidence also exists to support 
the favorable effects of various antioxidants, 

However, none of the currently available antioxidants addresses oxidative stress 
mediated cellular dysfunction by favorably affecting the major species involved in the 
process, mat is; by protecting against all types of ROS. favorably affecting cellular 
reducing equivalents either directly or via regeneration and recycling of other major 
endogenous antioxidants, and yet, being a sulfhydryl donor, is expected to favorably 
affect NO action. In fact, our results show that co-administration of compound 2 (seft 
Fig. 2) with classical NO-donon* can significantly retard the development of tolerance 
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to their effect Thus, our beliftf in the dependency uf die integrity of end thelium and 
other cellular functions on the relative concentrations of NO, ROS and thiols, as well 
as in the deleterious effects of cellular dysfunction on basic physiological fimctions. 
brought iu to design and synthesize these compounds. Because of their promising 
chftmical and biological activity characteristics demonstrated by our results, 
significant potential exists for compounds of this type to serve both as protectors 
against tolerance development to nitrovasodilators, and, because of their anli-ROS 
activity, as promising disease-modifying agents of pathologies involving oxidative 
stress and free radical injury. 

The rationale tor the design of these compounds is further supported by the 
foUowing: 

1. Agents possessing antioxidant or SOD-like activity havft been shown to 
potentiate nitric oxide-mediated relaxation, both in vitro and in vivo. 

2. As is the cose for LA (I), rt is expected that the following alcohol (II), atilidc 
(HI) and ester (M derivatives will be chemically stable, cell-pcrmeable, and potentially 
non-toxic compounds that wiJl possess similar anti-ROS activity (sec results). 

<eH]4CONHCHrCHOH {©H^cooeHCHOH 



LfpaicacMCD LipoylAicebclOD n-&>8f&oxyt&yX)$pQmLteGB) MMrcxycthyl ttpoaiaa (TO 

3. When LA is administered concomitantly with NO donors, ft enhances its 
activity and retards lolciancc development, both in vitro and in vivo (see results). 

4. In fact, LA was shown to possess beneficial effects in diseases involving 
endothelial dysfunction by its. own 117-20], and an inclusion of lipoyMike ester or 
lipoyMike ester as in the chemical structures of the invention is expected to form a 
novel anti-ROS-compoimcte, as our results show. 

Thus, according to the present invention, there are provided chemical compounds 
comprising one or more disulfide moieties (or their dihydro forms if stable) contained 
in a ring form. 
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The compounds of the present invention provide cytoprotective effect pxnhably by 
acting as an antioxidant scavenger of reactive oxygen species, including; superoxide 
anion, hydrovyl radicals, peroxy nitrite, pexoxyl radicals, hypochlorous acid, hydrogen 
peroxide and transition metals (especially copper and ferrous) and give rise to both a 
direct benefit derived from removal of injurious RO.S and an indirect benefit by 
protecting both ambient and endogenous and liberated exogenous NO from 
inacdvation by these ROS. 

The compounds of the invention may be employed in the treatment of any 
condition associated with oxidative stress or free radical injury like endothelial 
dysfunction, aging (including senescence-associated changes in skin and appearance) 
and diseases like diabetes mcllitus, cardiovascular diseases (such as ischaemic heart 
disease, angina pectoris, myocardial infarction, congestive heart failure, 
atherosclerosis, hypertension and arrhythmia), asthma, trauma, shock (hypovuluauc, 
neurogenic or septic), neurotoxicity, neurodegenerative and neurological disorders 
(including Alzheimer and Parkinson's diseases, amyotrophic lateral sclerosis, multiple 
sclerosis, convulsive (seizure) disorders, A rDS-dementia and disorders which involve 
processes of teaming and memory), disorders of gastric secretions, relaxation and 
peristalsis of the intestinal tract (including inflammatory bowel diseases), drug and 
disease-induced nephropathies, pathological (premature) and physiological uterine 
contractions, cellular defense impairment, endothelial dysfunction-induced diseases 
and insulin-resistance in diabetes, pregnancy-induced hypertension, chexnotaxis and 
phagocytic impairment in immunological disorders, cerebrovascular diseases, 
aggregation disorders, fertility and reproductive disorders (e.g. penile erection and 
treatment uf male impotence). 
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Compounds of the present invention may be administered in a form suitable for 
oral use, for example e tablet* capsule, aqueous or oily solution, suspension or 
emulsion; for topical use including transmueosal and transdermal use, for example a 
cream, ointment, gel, aqueous or oil solution or suspension, salve, patch or plaster; for 
a&al use. for an example a snuff, sua] spray or nasal drops; for vaginal or rectal use. 
fat example a suppository; for admi&Lttalian by inhalation, for example a finely divided 
powder or a liquid aerosol; for sub-lingual or buccal use, tor example a tablet or 
capsule; or for parenteral use (including intravenous, subcutaneous, intramuscular, 
intravascular or infusion), for example a sterile aqueous or oil solution or suspension. 
In -general the above compositions may be prepared is a conventional manner using 
convention excipienta, using standard techniques well known to those skilled in the on 
of pharmacy. Preferably, the wznpouud is administered orally. 

For oral administrarlont the compounds of the invention will generally ba 
provided in die form of tablets or capsules or as an aqueous solution ox suspension. 

Tablets for oral use may include the active Ingredient mixed with 
phflrmaeentically acceptable excipicnte such as inert diluents, disintegrating agents, 
binding agents, lubricating agents, sweetening agents, flavouring agents, colouring 
agents and preservatives. Suitable inert diluents include sodium and calcium carbonate, 
sodium and calcium phosphate, and lactose, while com starvh and alginie neid ore 
suitable disintegrating agents. Binding agents may include starch and gelatin, while the 
lubricating agent, if present, will generally be magnesium 6tearatc, stearic acid or talc* 
If desired, the tablets may be coated with a material such as glyceryl tnonostearate or 
glyceryl distearate^ to delay absorption In the gastrointestinal tract Capsules for oral use 
include hard gelatin capsules in which the active ingredient is mixed with a solid diluent, 
and soft gelatin capsules wherein the active Ingredient is mixed with water or an oil such 
as peanut oil, liquid paraffin or olive nil. For intramuscular, intraperitoneal, 
subcutaneous and intravenous use, the compounds of the invention will generally be 
provided in 6tetile aqueous solutions or suspensions, buffered to an appropriate pH and 
isoronicity. Suitable aqueous vehicles include Ringer's soludon and isotonic sodium 
chloride. Aqueous suspensions according to the invention may include suspending 
agents such as cellulose derivatives, sodium alginate* polyvinylpyrrolidone and gum 
tragic anth, and a wetting agent such as lecithin. Suitable preservatives for aqueous 
suspensions include ethyl and n-ptopyl p-hydroxyhenzoate. 

It will be appreciated mat the invention is described by way of example only, 
and that modifications of detail may be made without departing from the scope of the 
present invention. 
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flkPERIMENTAL 
Synthesis of Compounds 

Tbfc following an only rcpreseutadv procedures fox synthesis of selected 
compounds. The compounds for which the method of perpetration is described bellow 
were purposefully selected as to represent the general approach used to prepare 
confounds from all figures depicting (lie structures suggested by the present invention. 

To synthesize compounds like ibasb depleted In figure 2 the acid analog has to 
first be converted to the active aldehyde form (A or B type compounds shown in 
figure 1), The aldehyde was usually prepared by mild oxidation of the 
corresponding alcohol. Using lipoic acid as an example, the following describes a 
gtalcxal method for preparation of the alcoholic precursors. 

AtohriL prepanrftttpa 

The acid C0.25 M) is dissolved under nitrogen atmosphere in 250 ml of dry 
(frtshly distilled) tetrahydrofhran (THF) and cooled to -5' on ice-salt bath. To tins* a 
cold boranc-THF solution (Aldrich) is added drepwisc with vigorous stirring until TLC 
analysis shows complete con version of the acid to the alcohol (only a slight excess of 
boranc is usually needed). Upon completion, 50 ml of cold methanol is added to die 
reaction mixture to destroy excess of borane and the organic solvent removed under 
reduced pressure* The crude alcohol (usually in mare than 95% yield) is immediately 
used for the preparation of the aldehyde. 

Aldehyde preparation 

The alcohol (0.25 M) is dissolved in 250 ml of dichloromet&ne containing 0.5 
mole of p-tolucnc sulfonic acid (or camphore sulfonic add) and the resulting solution is 
cooled on an ice bath. To this is added drppwisc a cold solution of 0.5 M N-aectyl- 
TEMPOL (Aldrteh) dissolved in 250 ml of dichloromethane during 30 min. Upon 
completion of the addition, the mixture is slirred for an additional 1 hr in the cold and 
then at room temperature for 3-7 hours (or until all alcohol has disappeared by TLQ. 
The* solution is filtered and the organic solvent is washed twice with 5% sodium 
bicarbonate solution, twtee with S<& hydrochloric add solution and solvent removed 
under reduced pressure. A portion of the residue is ohrornatographod on siliea gal using 
a bexane-dichloromethaue (1:1) mixture for analytical characterization and the remaining 
portion is used for the condensation Without further purification. For Michael type 
condensation, the same aldehyde or combined with different aldehyde is dissolved in 
ethabnl and cooled on an ice bath. Cold 30% of ethnolic potassium hydroxide solution 
is added dropwisc and the mixture stirred overnight under nitrogen atmosphere. 
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DeP 3ndinx on tb. .«»*«. of u* aldehyde TU: a»ly* -ucHy ^ «^*« 

XS^tionx^Uoa^ 12-24 hou«. An equal volun*of water 
^uonmi^uex^d three dm* with elhe, The etherexrrac* (c— , 
etnanol) U dried over sodium sulfite and evaporated to dryness. The residue a appbed 
a sttea gel column (20* g) a*d eluted with « cUorofotm^xahexfcyi au**c 
mlxture (2:1:1). The result^ mixture of aldehyde,) ™ record to 

vctying good to excellent yields. 

Lipolal (0.5 M) is dissolved in 100 ml of diy ethanol and the mixture cooled on 
an Ice bath. lOmlof eoldSP* ethaaolic sodium hydroxide solution is added over 10 
ninutoa and the mitture stitr»d under nitrogen atmosphere overnight. The vcecbon is 
^cbed with 100 ml of cold water «d extracted twice with ISO ml of dieth^ ■ 
Tn' e organic layer is separated and dried for an hour over anhydrous «^ 
SpJL X- *- residue U applied onu, a *ili« gel eofcrnn (1 00 g) and ctaed 
as Scribed above. The pure aldehyde is recovered in 8 1 % yield. A portion (01 K> of 
the. aldehyda is dissolved in 30 ml of THF end added dropwis* to a cold 03 
suUlouofarsentumox^^ 

100 ml 0.1 M sodium hydroxide solution. The reaction « stated on an ice tarh for 3 to 
during which the conversion of the aldehyde to the acid is monitored by TLC analys^ 
^completion, the reaction mixture is neutroW with conned hyd^hlono 
aJd odZLdtately extracted with two pordoas each of 150 ml of diethyl ether. The 
ether layer is separated and dried over anhydrous sodium sulfate and evaporated to 
residue can ^***^*m**^*«»*™"» 
fuibish a high 090%) yield of pure eompouud 1. 

Compound l (0.05 M) is dissolved in SO ml of dry dichl^methane and added 
w a cold solution of 0.06 M of DCC in SO nd of ^ 

L ^f «, hour on an ice bath. N-Hydroxy succinimide (O075, is added end *e 
Zpton surred overnight under nitrogen. The reaction mixture « filtered and the 
2i«e ™bed twice with 30 ml of edd dichloromethanc. The 
evaporated to half its original volume, fdteredasain and adcted dropwlse to 100 ml of 1 
M told sctutio* of ammonia in methyl (Aldrich). The reaction ^d for UhOur^ 
upon which the organic solvent is evaporated to dryness. The solid residue « 
reaystalized from dioxana to tumish 87% of pure compound 2. 
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The condensation product of lipoid (0.05 M) is separated oa silica column as 
described above. The pure aldehyde is dissolved in 150 ml of dry THF and cooled n 
anicc bath, A cold 1 M bonmc-THF eolation is added drop wise under nitrogen and the 
reaction monitored by TLC analysis until the aldehyde is completely reduced (usually a 
slight excess of borane is used). The reaction is immediately quenched wilfa cold 
methanol and evaporated tu dryness under reduced pressure. The viscous residue (more 
then 9S% pure) is further purified by application onto silica gel column and eluted with 
ethyl acetalc:chloirrfbnn (I ;3) mixture. The cluate is evaporated under reduced pressure 
to furnish a 76% yield of fn« compound 3. 



m 



1=1 



Compound 3 (0.06 M) in 50 ml of dichloromethaiie Is added dropwteo to a 
solution of txiphenyi phosphine (0,1 M) containing 0,15 M of zinc bromide and a 
catalytic amount of l # r-aMbi^(cyclohfixanecarbonltriie). The reactiuu is stixicd far 8 
hours or until TLC analysis shows fee complete conversion of the alcohol into the 
H , bromide derivative. The teacdon mixture is filtered and the fiitiute washed with 

diciloromethane. Hie filtrate is mixed with an e$ual volume of n-hexane and filtered 
again. MTie filtrate is then evaporated to dryness. Hie resulting crude bromide is then 
extracted by trituration with hexane. The combined hexane triturates are evaporated to 
dryness and the residue applied onto a silical gel column and eluted with 
dickotomethanthexane (1:1) mixture. The organic solvent is evaporated to dryness 
under reduced pleasure and the residue dissolved in chloroform (50 ml) and added in 
one portion to an excess solution of ammonia in chloroform. The reaction is stirred for 
10 hours at room temperature upon which it is filtered. The filtrate is evaporated to 
dryhess and the residue dissolved in 15 ml of chloroform and applied on aluminum 
oxide column* The ^ine is eluted with chlorfonn: ethyl acetate: Methyl amine (1:1 £.01) 

I mixture. Evaporation of the solvent famished 829b yield of pute compound 4. 

I 

lipolal (0.05 M) and 6»9-dithiane nonanal (0.05 M) arc dissolved iu cold 100 ml 
of ethanol containing 3 g of potassium hydroxide. The reaction is monitored by TLC 
and processed for separation of the four possible products (sec synthetic scheme 1) by 
chromatography as described above to furnish, after oxidation with sLilver oXide„ an 
almost equal amounts of ©ompuuud 9, compound 1, and compound 17, 
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18 



.1998 22:55 



EI TAN PCfiRL LflTZER+CCWEN-ZETCX 



. ori4i3 . no2i 



Compound 10 is synthesized ftom compound 9 by a similar procedure as for 
coinpottnd 2- 

Crtmnmind 11; 

Compound 11 is synthesiied from ti&e aldehyd© precursor of compound 9 as 
described for compound 3. 

Compound 12 is synthesized from the alcohol precursor, via the bromide 
intermediate, as described for compound 4. 

This compound is obtained as one of the separation products of the reaction 
mixture as described for the synthesis of compound 9. 

This compound is obtained from compound 17 via ft similar procedure used for 
the preparation of compound 2. 

rfrtrrprrtigd 1 9; 

This compound was obtained ftom the reduction of ttie aldehyde precursor of 
compound 17 as described for compound 3. 

This compound is prepated from the alcohol precursor, via the bromide 
derivative, as described for compound 4. 

Compounds of the type depicted in figure 4 or* easily synthesized by the usual 
methods of ester and amide preparation. For example, compound 25 is easily 
synthesized by refiuxhlff for 3*5 hours of equimolof amounts of lipoic acid and lipolol in 
benzene in the presence of a catalytic amount of concentrated sulfuric acid The benzene 
is washed twice with aqueous 10% potassium carbonate solution and evaporated to 
dryness. The residue is purified by chromatography on silica gel to furnish pure 
compound 25 io 95% yield, 
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Pound 26: " 

This type- cf compound is easily synthesized* hy addition of lipoaininc to 
diehlarometane solution of N*hydroxy succiaimidc activated ester of lipoic acid, TJpon 
stirring for 1 hour in the cold and overnight at room temperature, the reaction mixture is 
successively washed with water, 5% potassium carbonate solution, 5% hydrochloric 
acid solution and saturated sodium chloride, dried on anhydrous magnesium sulfate and 
evaporated to dryness. This usually furnishes the product in ? pure form* or? depending 
on the purity of the reactants, rftay necessitate the purification by chromatography to 
furnish pure compound 26. 

Crtmpmindg 27 and 28; 

The ester (compound 27) and the amide (compound 2X) are prepared in a similar 
way as compounds 25 and 26, respectively, 

JJ CtfrnrottPds Z9, 33, 

L These compounds are easily prepared by reacting the activated aster of tha acid 

p , with the appropriate amino alkyl phosphonatc derivative. The resulting products are 

p puiificd by chromatography to furnish the title compound iu a fair to good yield. 

W ! 



i 



The dilipoyl amine i* synthesized by reacting excess llpoamine with lippyl 
bromide, whereas compound 31 is obtained by reacting the bromide derivatives of the 
precursors with sodium sulfide in acetnnitrile or DMF. 

results 

L Prevention of nitrate tolerahce; 

a) Acute effectsi Rats (Spargue-Dawely) weighing 300-400 g were treated 
with an intravanous (i.v.) bolus dose of 2 xng nitroglycerin (NTG) before and after pre- 
treatment with the compounds (50 mg/k£) administered inlnq^eutoneally. Compounds 1 
and 2 from figure 1, compounds 9 and 10 from figure X compounds 17 and 18 from 
figure 3, compounds 25 and 2ft" from figure 4 were dissolved in a mixture of 
Bthanolrpropylene glycol; water (1:1:1) and administered in I ml intraperitoneally one 
hour befor* NTG administration. One minute after the NTG administration, the rats 
were sacrificed by decapitation and the aorta was removed quicXly, immersed in a 
phosphate buffer solution containing 20 tnM EDTA and immediately frozen in liquid 
nitrogen and stored at -70* until analyzed. Next day, the tissue were analyzed for their 
cGMF content. After thawing, tissue were weighed and homogenized in EDTA- 
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phbspbaie buffer, centrifuged and the supernatant collected into another cube. The pellet 
was washed with 1 ml buffer, vortex-mixed, ceritrifuged and the supernatant added to 
the second tube. 2 ml of acetonitrile were added to the tube containing the combined, 
extracts and the tube vertex-mixed, ceribnfuged and the supernatant collected to another 
elean tube. The aqueous-acetonitril© solution in this Utter tube was evaporated to 
dryness and the residue dissolved in assay buffer. The cOMP content of the solution 
was determined using a radioimmunoassay (RIA-Amenham) ps previously reported by 
us [26,27]. 

The following describes representative cGMP values from aorta treated only 
with NTC or with NTG after pretreataient with the compounds (given for compound 1): 

cGMP(pmoV£tl«sue) 175±13 216±21* 

* Significantly different from NTC alone (p<0.005). 

Thus, compound 1 significantly increases tissue guanyiyl cyclase response to 
nitrates. Similar significant increases were also obtained when pre-trcattnent waa 
performed with other compounds (see above). 

b) Prevention: Rats were administered a continues infusion of NTG known 
to induce tolerance [26,27] with or without concomitant administration of the 
compounds (me same tested for the acuto effects). Hie eompounds were administered 
either in conrinuos i.v infusion or intraperitoneal!/ in 4 separated doses (q 6 hours). The 
effects on vascular (aortic) guanyiyl cyclase activity was then evaluated as described 
above fot control rots. 

cGMP (pinol/g tissue) 64±9* 133±M«* 

*Signitlcandy different from NTG alone treatment of control rats and denotes tolerance 
to NTG effect **Not significantly different from NTG treatment alone in control rats 
and denotes the lack of tolerance development to NTG effects on vasculai cGMP. 

Thus, pretrcatment with compound 1 prevents tolerance development to NTG. 
Similar results went obtained when other compounds were tested. 

IL Protection against streptorotocin-induced diabetes 

Rats (Sprague-Dawcly) weighing 200-250 g were treated by a single Lv. dose 
of rtreptozotocin (STZ, 50 mg/kg) through the tail vein tu induce diabetes. Rots wer» 

?1 
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stored for weight, glucose levels aad plasm, lipids. Below «e son* oftbc 
p^Umlnary xcute cbt^ in cc^l rats, ^Cozota^betic „» aad n« ^ 
a a treatment with compound 1 immediately upon strptozntoein administration. 





g^prgtreated 


STZtCoitLl 


223±34 


176±23* 


206±27*" 


131 ±14 


314*36* 


179±29** 


185±19 


319±3l* 





Weight (grams) 
Gltoeose (mg%) 
Lipids (mg95>) 

These results clearly demonstrate the protective effect, of compound 1 OB 
explication of nrcptoaoto^-ifttaced dUbetts.Thls Is especially true sin** tfaese «e 
kao«i to involve oxidative «tr«s and free radical injury and thus demonstrate fte 
bctieDdalMrtioxidfflit^mti-fceeradlcrf effects of the compounds suggested by ttos 
application. 

IIL Protective effects against colitis 

* Rsu (Spraeue-Dawely) weWiing 300-400 g w«re administered a sinele dose of 
5 ml Q f 5* acetic acid (AA) solution through a rectal tube into the distal colon. Tte 
effect of acetic acid admhdrtnaion on the development of coiiti s was monitored both by 
^u^lization and by determination of mediators known to reflect oxidative stress and 
fee radical h#iry. These inchide: 1) Myeloperoxidase activity (MPO) expired in the 
following table in 0,D/mg units. 2) Lipid peroxidation (LP) expressed in the f ollnwing 
table in TB ARS units as omoJtogptofcin of colonic tissue. 3) Protein Carbonyl content 
(PCQ exposed in the foUowine table In nmoltag F°tem. All three parameters are 
teflecfive of the extern of tissue oxidative stress and free radical iirfuiy. 



pep 

LP 

MPO 



Control rats 
0^3±0.01 
0.05*0.01 
0.0004*5% 



13*003* 
0.7*0,04* 
0.02±18% 



0.75*0*02*$ 
0.07±0.02+$ 
O.00075±10% 



These results clearly demonstrate the beneficial effective andoxidatlve-anri-fe© 
xadicsl mediated injury of compound 1 In the ***c acid model of colitU. Similar results 
were also obtained for other compounds as detailed. 
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IV. Deniiatological effects 

Ttoe effects wo* evaluated in toman (male and female) volunteer, -bo 
.rffcred from either a conditiou of mel^a or papules on the baefc 
infective etiology. Additionally, to effects of compounds 1 and 25 were stud-d » 

skin- Here, the beneficial effects of both compound, were assessed by A- volunteer 

investigator **o follows up these volunteer Th* results so far 00 ' 
der^nLtethesupcriorityofb^^ 

bZL* for rhese^conditions.ttc ^^^ m2 * "tSl" 

^5% aqueous cresia preparations. No significant difference between these two vehicles 
^ oSTed. nor doTan Increase in the percentage of the active ingredient found to 
effect the final results. 
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It will be appreciated by persons skilled in the art that the present invention is not 
limited by what has been particularly shown and described herein above. For example, 
It should he understood, thai Figs. 2-5 contain representative examples reflecting the 
concept of the present invention. For example, the compounds depicted in figure 2 
are obtained from the condensation of 2 molecules of the same structure (symmetric 
condensaiiuu), whereas those in figure 3 are obtained from the condensation of 2 
different compounds. Thus, it is obvious that condensation can give rise to a mixture 
of compounds in which the rings are. .witched and the condensation con. take place 
from cither side, as shown in Fig I . Thar is, when compounds A and B are condensed, 
four condensation products are, possible, of which only representative products are 
shown in figure 3. 

Rather the scope uf the invention is defined by the claims which follow: 

a 
.* i 

; i 

1=5 ! 
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. OOdld 



CLAIMS 



1 . A compound of the general formula 1 : 
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Wherein Rl, R2, R3 may be the same or differed and aie independently selected 
&om hydruxen, alkoyl, oBcojcy, carboxy, amino, amido, phosphpo, thio, sulphonyl, 
sulphuxide and alkyl groups; 

R4, may be the same or differed from Rl, R2, R3 and is selected from 
hydrogen, olkoyl, alkoxy, carboxy, amino, amido, phogphpo, thio, sulphonyl, 
sulphbxide, alkyl groups a structure beaing the X or Y rings; 

n and ri mry be the same ur different and denote an integer of substituted or 
unsubstituted 4, 3. 6. 7 or 8 carbon atoms that may create the S-S-bond-coutaining X 
and Y rings which can comprise, together with the S atoms, 4 to 10-mcuibcred tings; 



X and Y may be the same or different, and are selected from four, five or six 
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